Introduction
Human-induced changes to ecosystems are currently affecting many species around the world via alterations in land-use, habitat fragmentation and changes in temperature and precipitation patterns (Parmesan 2006) . Whilst some species may have traits that allow them to persist in situ in response to such changes, others are dispersing to more suitable habitats (Parmesan and Yohe 2003; Parmesan 2006) ; however, species that cannot persist may lack suitable habitats to disperse to, or are unable to disperse far enough to cope with many of the above changes to ecosystems (Thomas et al. 2004; Parmesan 2006) . Understanding environmental factors influencing the distributions of dispersal syndromes within and among communities can help predict the fate of species and communities in the future (Parmesan 2006; Engler et al. 2009 ). Community assembly theory provides a framework for understanding how multiple factors may influence the distribution of dispersal syndromes within plant communities (Ozinga et al. 2004 ). The composition of dispersal syndromes within and among communities is influenced by both the spatial distribution of suitable habitats across the landscape (MacArthur and Wilson 1967; Leibold et al. 2004; Holyoak et al. 2005) *Corresponding author. Email: mspasoje@ucdavis.edu and by the environmental conditions of a given habitat (Willson et al. 1990; Ozinga et al. 2004; Flinn et al. 2010) . Understanding the relative influence of habitat patchiness and habitat quality is critical because in a rapidly changing environment, our ability to predict patterns of species persistence or extinction, and community disassembly and reassembly, will depend on how habitat patchiness and habitat quality shape the composition of dispersal syndromes within communities.
The distribution of habitats across the landscape is known to play an important role in determining the composition of dispersal syndromes within a community (Hamilton and May 1977; Howe and Smallwood 1982; Flinn et al. 2010) . Metacommunity theory suggests that this is especially true in complex landscapes where communities are restricted to patchy or island-like habitats (Leibold et al. 2004; Holyoak et al. 2005) . Dispersal can connect similar communities in separate isolated patches of habitat, which can counteract the effects of local processes such as environmental filtering or competition (Mouquet and Loreau 2003; Chase et al. 2005) . Dispersal among patches can enable species to persist in unfavourable 'sink' habitats as a result of dispersal from more favourable 'source' 2 M.J. Spasojevic et al. habitats ; however, the effect of dispersal in influencing the structure of communities in patchy habitats is dependent on the dispersal ability of the species present within those patches (Leibold et al. 2004; Holyoak et al. 2005) . Species found in patchy habitats may be those that have longer-distance dispersal syndromes (vertebrate, water and wind dispersal syndromes) allowing them to disperse to and maintain populations in isolated habitat fragments (Levine and Murrell 2003; Vandvik and Goldberg 2006) .
Recent work considering the relative efficiency of long-distance dispersal syndromes suggests that certain long-distance dispersal syndromes can be more effectively directed to sites suitable for recruitment (Howe and Smallwood 1982; Wenny 2001; Spiegel and Nathan 2007; Spiegel and Nathan 2010) . Thus, species that are restricted to highly patchy habitats may require dispersal methods that are especially efficient at dispersing to those patches (directed dispersal). Birds and mammals have been found to preferentially disperse seeds to favourable microsites for germination (Wenny and Levey 1998; Dean and Milton 2000; Purves and Dushoff 2005; Briggs et al. 2009 ). Therefore, in patchy habitats directed vertebrate dispersal may be expected to be more common, whilst the frequency of less directed dispersal syndromes, such as wind dispersal, may be lower (Howe and Smallwood 1982; Wenny 2001; Spiegel and Nathan 2010) .
In addition to the distribution of habitats across the landscape, environmental conditions can also shape dispersal syndromes either directly or indirectly. Resource availability may constrain the availability and efficiency of dispersal syndromes (Willson et al. 1990; Ozinga et al. 2004; Flinn et al. 2010 ). On patches of infertile soil, lower resource availability may lead to lower abundances of vertebrates, which may, in turn, lead to a lesser prevalence of vertebrate dispersal (Hughes and Westoby 1992; Edwards et al. 2006) . In addition, the open vegetation structure on infertile soils may promote the efficiency of wind dispersal (Howe and Smallwood 1982; Nathan et al. 2008) . Furthermore, lower water availability can hinder the production of fleshy fruit dispersed by vertebrates (Tabarelli et al. 2003; Almeida-Neto et al. 2008) . Lastly, dispersal syndromes may be functionally and/or phylogenetically non-independent of resource acquisition/tolerance traits, such that traits that allow a species to persist in a given habitat may be correlated with particular dispersal syndromes. Thus, dispersal syndromes may be indirectly constrained by traits required in lowresource environments (i.e., slow growth, high investment in below-ground structures) making it difficult to distinguish the direct causal relationship of the environment on dispersal syndromes (Westoby et al. 1996; Ronce 2007) . Strategies of seed dispersal and resource acquisition may be part of broader trait syndromes that are strongly associated with particular phylogenetic groups, the distributions of which may reflect their biogeographic histories, further complicating attempts at direct functional interpretation (Herrera 1992) .
Several studies have assessed the importance of directed dispersal in anthropogenically fragmented landscapes (e.g., Cheptou et al. 2008; Montoya et al. 2008) , whilst others have considered the influence of environmental conditions on dispersal syndromes (e.g., Willson et al. 1990; Ozinga et al. 2004 ); however, we are aware of no study to date that has simultaneously considered spatial and environmental influences on the distribution of dispersal syndromes across communities, whilst also accounting for correlated functional traits and phylogenetic relationships. Here we compare the composition of dispersal syndromes of communities in patches of infertile serpentine soil to the dispersal syndromes of communities in a landscape of more fertile soils. Serpentine soils provide a unique opportunity to simultaneously test the importance of habitat patchiness, habitat quality and correlated functional traits and phylogenies on the composition of dispersal syndromes within plant communities. One of the challenges in evaluating the role of directed dispersal is that suitable locations for species are often unknown (Wenny 2001) . Serpentine affinities in the California Floristic Province are well known (Safford et al. 2005) , making it possible for us to directly test predictions of the role of directed dispersal on how habitat patchiness and environmental constraints should affect dispersal syndromes.
Using data from >450 species in three structural vegetation types (forest, chaparral and grassland), we examined the roles of habitat patchiness and environmental conditions in shaping the dispersal potential of plant communities. We asked (1) does the composition of dispersal syndromes differ between serpentine and non-serpentine communities within each structural vegetation type? If so, we then ask (2) are the differences in dispersal syndromes more consistent with habitat patchiness or soil fertility as a filter? If habitat patchiness has acted as an ecological filter on the composition of dispersal syndromes, we predict a greater prevalence of longer-distance dispersal syndromes (vertebrate, wind and water) in serpentine communities, or alternatively, a greater prevalence of directed dispersal syndromes (vertebrate dispersal, less wind dispersal) on serpentine; however, if soil fertility has been the most important filter, we predict a greater prevalence of wind dispersal on serpentine. Next, to examine habitat patchiness without the confounding influence of soil fertility, we asked (3) whether either long-distance or directed dispersal was more prevalent or more isolated (<5 ha) than on more continuous (>500 ha) patches of serpentine. We then asked (4) whether the dispersal syndrome patterns we found were confounded by, or independent of, variation in resource acquisition traits or phylogenetic relatedness between serpentine and non-serpentine communities. Lastly, (5) we compared dispersal syndromes among structural vegetation types within each soil type.
Methods
We combined data from three studies that compared community structure in adjacent habitats on serpentine (i.e., ultramafic) and non-serpentine (i.e., non-ultramafic) rocks and soils. The grassland data were collected at the Donald and Sylvia McLaughlin University of California Natural Reserve in Napa and Lake Counties California (Harrison 1999b) . These data consist of 38 sites on serpentine soil and 42 on non-serpentine soil surveyed in 1999-2011 (data used here are from 2009) using five 1-m 2 plots per site spaced every 10 m along a 50-m transect (Harrison 1999b ). The chaparral data were collected in Lake, Sonoma and Napa Counties, California (Harrison 1997 (Harrison , 1999a . These data consist of sites on small patches of serpentine (24 sites on separate outcrops of 3-5 ha), sites on large patches of serpentine (24 sites within four outcrops of >500 ha), and sites on continuous non-serpentine (24 sites in natural vegetation interspersed among the serpentine outcrops) surveyed in 1997 surveyed using 50-m line transects (Harrison 1997 (Harrison , 1999a . The forest data were collected in coniferous forest and woodland habitats in the Siskiyou Mountains of southwestern Oregon (Damschen et al. 2010) . These data consist of 53 sites on non-serpentine and 55 on serpentine (n=108) surveyed in 2007 using 25 1-m 2 plots per site along a 50-m transect (Damschen et al. 2010) . These three data sets were merged for analysis. The combined data set included 511 species including ferns, graminoids, herbs, shrubs, vines and trees. Because only presence/absence data were available from the chaparral study, we used presence/absence data from all three studies in the combined data set. Whilst these datasets differ slightly in sampling intensity, similar areas were sampled in each dataset and none of these methods should favour species with a particular dispersal syndrome.
We were able to find dispersal syndrome data on 466 of the 511 species (Appendix 1) from published sources (Andersen 1993; Gutterman 1994; Matlack 1994; Fuller and del Moral 2003; Haugo 2006; Lengyel et al. 2009; Sawyer et al. 2009 ) and the Kew Royal Botanical Gardens Seed Information Database (Royal Botanic Gardens 2008) . Species without dispersal syndrome information were dropped from the dataset. These species tended to be rare species unlikely to contribute to the overall patterns. We categorised seed dispersal syndromes into five broad categories: passive, wind, water, vertebrate and ant. Passive dispersal syndromes included seed dispersed by ballistic (ballochory) methods and unassisted dispersal (no particular dispersal method). Wind dispersal syndrome included both wind-(anemochory) and tumblingdispersed seeds. Water dispersal syndrome only included water-dispersed seeds (hydrochory). Vertebrate dispersal syndrome included adhesive mammal dispersal (epizoochory) and dispersal by ingestion for both mammals and birds (endozoochory). Finally, ant dispersal syndrome only included ant-dispersed seeds (myrmecochory). We did not consider dispersal mechanisms to be mutually exclusive (species could have multiple dispersal syndromes: polychory: 215 out of 511 species). Also, because we did not have data indicating primary dispersal syndromes for all species, we did not assign primary or secondary dispersal modes and included all assigned dispersal syndromes for a species. We then calculated the relative proportion of each dispersal syndrome (0 to 100) within each plot by dividing the total number of occurrences of a given dispersal syndrome by the total number of occurrences of all dispersal syndromes for each plot and multiplying by 100. We classified dispersal syndromes as either long-(wind, vertebrate and water) or short-distance (ant and passive) following Nathan et al. (2008) , and calculated the relative proportion of long-distance dispersal syndromes in each plot as above. Whilst seeds with long-distance dispersal syndromes do not always disperse long distances, this classification describes potential differences in dispersal distance (Cain et al. 2000; Nathan et al. 2008) .
To assess relationships between dispersal syndromes and resource acquisition traits, we used data on plant height, specific leaf area (SLA), leaf water content (LWC), and wood density (Harrison et al. unpublished data, collected as per Cornelissen et al. 2003) . We chose these resource-related traits because they are known to vary amongst species along gradients of soil fertility and climate (Cornwell and Ackerly 2009; Ordonez et al. 2009 ). Plant height is often allometrically related to overall plant size (biomass, rooting depth, lateral spread) as well as to competitive interactions for light (Westoby 1998; Aan et al. 2006) . Specific leaf area is associated with leaf life span and tissue N (Reich et al. 1997 ) and with an allocation strategy including fast relative growth rate and high photosynthetic capacity per unit leaf area (Westoby et al. 2002) . Leaf water content is associated with a slower relative growth rate (Garnier and Laurent 1994; Vile et al. 2006 ) and tolerance to low water availability (Farooq et al. 2009 ). Wood density is correlated with resistance to drought stress (Hacke et al. 2001 ).
Statistical analysis
To quantify differences in the composition of dispersal syndromes among soil types (serpentine and non-serpentine across all three vegetation types) we used a non-metric multidimensional scaling (NMDS) using Bray-Curtis dissimilarity among plots in R. Bray-Curtis dissimilarity is a semi-metric measure of dissimilarity used for continuous numerical data and does not group samples by shared zeros in the dataset (Beals 1984) . 'Stress' is a measure of departure from monotonicity in the relationship between the dissimilarity in the original n-dimensional space and distance in two-dimensional ordination space (Kruskal and Wish 1978) . In general, stress values <0.1 correspond to a good indication of the similarities between samples, whereas stress values >0.2 indicate a poor relationship (Clarke 1993) . Stress values do not affect analyses conducted on dissimilarity matrices, only how well the dissimilarity among sites is represented in a two-dimensional figure (Clarke 1993) .
We then used permutational analysis of variance (per-MANOVA: Anderson 2001) on the above Bray-Curtis dissimilarity matrix in the Vegan package (Oksanen et al. 2010) in R (R Development Core Team 2010) to test for differences in the composition of dispersal syndromes among: (1) serpentine and non-serpentine soil, both within and among vegetation types; (2) vegetation types; and (3) patchier and more continuous serpentine (i.e. very small versus large patches) within the chaparral vegetation type. Permutational analysis of variance is very similar to an ANOVA but analyses differences in species composition rather than species numbers (Anderson 2001) . We then assessed homogeneity of variance in the per-MANOVA by calculating beta-dispersion for each of the above analyses (Anderson 2006) , using betadisp in the Vegan package (Oksanen et al. 2010) in R (R Development Core Team 2010). Additionally, we used indicator species analysis (Dufrene and Legendre 1997) to ask which dispersal syndromes were related to significant differences in dispersal syndrome composition among groups. To assess whether dispersal syndromes might vary amongst habitats because they are correlated with resource acquisition traits, we used both individual trait values and the first principal component score of all traits to describe the suite of traits. Principal component analysis was conducted in JMP version 9. Because the first principal component described most of the variation in the suite of traits among individual species, we use that axis score as a measure of stress-tolerance/resource-acquisition strategy.
To test for differences in plant functional traits amongst soil types, we used a generalised linear model for each trait with each trait as a response variable and soil type and vegetation type as main effects. We tested for an interaction between soil type and vegetation type. All traits were log-transformed to meet the assumptions of normality.
To test for differences in dispersal syndromes amongst soil types when taking into account vegetation type and correlated functional traits, we used a generalised linear mixed model (GLMM) for each dispersal syndrome separately with a proportion of the dispersal syndrome in a community plot as the response variable, and soil type, vegetation type and principal component 1 (PC1) as the main effects. Ant, water and long-distance dispersal syndromes were untransformed and fit with a Poisson distribution. Vertebrate dispersal was log-transformed to meet the assumptions of normality (it had no zeros) and then fit using a normal distribution. Passive and wind dispersion were log-transformed and then fit with a Poisson distribution. We initially ran a fully factorial model and then re-ran the model excluding all non-significant interactions. We then re-ran the analysis substituting each of the individual traits for PC1. We subsequently ran a similar analysis for the serpentine chaparral data where we categorised sites into small (patchy) and large (continuous) patches of serpentine. We then ran a similar model using the proportion of long-distance dispersal syndromes as the response variable and treated the variables as above. Analyses were conducted using JMP version 9.
To test whether dispersal syndromes were likely to be linked, through patterns of shared inheritance, to other potential soil type adaptations, we used phylogenetic independent contrasts. We generated a phylogenetic supertree using the software Phylomatic (Webb and Donoghue 2005) and set all branch lengths equal to one. Then, using the comparative analysis by independent contrasts (CAIC) as implemented in R (Purvis and Rambaut 1995), we tested for phylogenetic non-independence between dispersal syndromes and soil tolerance (i.e., whether a species was found or not found on serpentine). We only conducted this analysis for wind and vertebrate dispersal because these were the only dispersal syndromes showing significant differences between soil and vegetation types.
Results
Across all three vegetation types, the composition of dispersal syndromes differed between communities on serpentine and non-serpentine soils (F 1,259 = 23.40, P < 0.01; Figure 1A ). Similarly, within each vegetation type, serpentine and non-serpentine communities significantly differed in composition of dispersal syndromes (forest: F 1,107 = 18.03, P < 0.01, Figure 1B ; grassland: F 1,79 = 32.05, P < 0.01, Figure 1C ; chaparral: F 1,71 = 9.54, P < 0.01, Figure 1D ). Lastly, within chaparral serpentine communities there was no significant difference between the composition of dispersal syndromes and between small and large patches of serpentine (F 1,47 = 2.16, P = 0.09, Figure 1D ). Supporting the assumption of homogeneity of variance, there was no difference in beta-dispersion of the composition of dispersal syndromes between serpentine and non-serpentine across in forests (F 1,107 = 2.25, P = 0.14), grasslands (F 1,79 = 0.05, P = 0.81), chaparral (F 1,71 = 1.16, P = 0.32), or small and large patches of serpentine (F 1,47 = 0.22, P = 0.64). Indicator species analysis suggested that the differences amongst serpentine and non-serpentine communities were due to lower vertebrate dispersal (P < 0.01 both across all vegetation types and within each vegetation types) and higher wind dispersal (P < 0.01 both across all vegetation types and within each vegetation types) on serpentine soils. Passive, water and ant dispersal did not differ among soil types (χ 2 = 1.29, P = 0.72; χ 2 = 0.81, P = 0.34; and χ 2 = 2.68, P = 0.10, respectively, Figure 2) .
There was no difference in the proportion of species with long distance dispersal (wind, vertebrate and water combined) syndromes between serpentine and nonserpentine (χ 2 = 0.02, P = 0.89) or between small isolated patches and more continuous patches of serpentine (χ 2 = 1.83, P = 0.18); however, the proportion of longdistance dispersal syndromes differed among vegetation types (χ 2 = 315.12, P < 0.001), with forest having the highest (75.2% ± 0.67 s.e.) and grassland and chaparral having similar levels (58.1% ± 0.83 s.e. and 56.90% ± 0.78 s.e., respectively).
Dispersal syndromes did not differ significantly in the predicted direction between small isolated patches and more continuous patches of serpentine. The only significant difference was a significantly lower proportion of water dispersal on small isolated patches (χ 2 = 5.71, P = 0.02). Functional traits differed between soils; both plant height and SLA were higher on non-serpentine than serpentine soils across all three vegetation types (F 1,254 = 105.98, P < 0.0001 and F 1,254 = 206.14, P < 0.001, respectively). Leaf water content did not differ between serpentine and non-serpentine soils across all vegetation types (F 1,254 = 0.01, P = 0.93) but was significantly higher on nonserpentine than serpentine soils in grasslands and chaparral (F 1,78 = 18.45, P < 0.001 and F 1,70 = 23.95, P < 0.001, respectively). Principal component 1 accounted for 66.4% of the variation in the functional trait data and was associated with SLA (loading score: 0.81), LWC (loading score: −0.95) and height (loading score 0.64). A high PC1 score indicated high SLA, taller plants and low LWC (a resourceacquisitive strategy), and a low PC1 score indicated the opposite (a stress-tolerant strategy) (Grime 1979; Westoby 1998) . PC2 accounted for 28.4% of the variation and was associated with SLA (loading score: −0.53) and height (loading score: 0.75).
Dispersal syndromes were related to plant functional traits but the dispersal syndrome differences between soils were robust enough to include these traits in models. Vertebrate dispersal was positively correlated with plant height (F 1,258 = 294.54, r 2 = 0.53, P < 0.001) and negatively correlated with SLA at the community level (SLA: F 1,258 = 42.70, r 2 = 0.14, P < 0.001); however, the higher proportion of vertebrate dispersal on non-serpentine soils remained significant in models that also included functional traits (soil effect when height included: χ 2 = 38.73, P < 0.001; soil effect when SLA included: χ 2 = 74.04, P < 0.001; Figure 2 ). These results did not change if PC1 (soil effect: χ 2 = 62.41, P < 0.001) or LWC (soil effect: χ 2 = 92.55, P < 0.001) was used instead because these traits were not correlated with vertebrate dispersal syndromes. Similarly, wind dispersal was positively related to SLA at the community level (F 1,258 = 11.63, r 2 = 0.04, P < 0.001) but the higher proportion of wind dispersal on serpentine remained significant in models that also included SLA (χ 2 = 40.52, P < 0.001, Figure 2 ). These results did not change if PC1 (soil effect: χ 2 = 74.23, P < 0.001), height (soil effect: χ 2 = 55.24, P < 0.001), or LWC (soil effect: χ 2 = 90.78, P < 0.001) was used instead of SLA because these traits were not correlated with wind dispersal syndromes. When evolutionary relatedness was taken into account using phylogenetically independent contrasts, the positive species-level relationship between wind dispersal and serpentine tolerance, and the negative relationship between vertebrate dispersal and serpentine tolerance, were no longer significant (F 1,35 = 0.62, P = 0.44; F 1,41 = 1.22, P = 0.28, respectively).
In addition to differences between serpentine and non-serpentine, there were also differences amongst the three vegetation types (Figure 3) . The forest vegetation type had the highest proportion of vertebrate (χ 2 =163.20, P < 0.001) and water dispersal (χ 2 = 555.89, P < 0.001) and the lowest proportion of passive dispersal (χ 2 = 358.68, P < 0.001). Grassland vegetation type had the lowest proportion of vertebrate (χ 2 = 163.20, P < 0.001) and water dispersal syndromes (χ 2 = 555.89, P < 0.001). Finally, the chaparral vegetation type had the highest proportion of ant dispersal (χ 2 = 54.16, P < 0.001) and the lowest proportion of wind dispersal (χ 2 = 20.68, P < 0.001).
Discussion
Our results suggest that habitat quality may outweigh habitat patchiness as an ecological filter on the composition of seed dispersal syndromes within serpentine communities. We found that communities in low-fertility serpentine habitats had a greater proportion of less-directed wind dispersal syndromes and a lower proportion of more-directed vertebrate dispersal syndromes when compared with more productive non-serpentine habitats (Figure 2A ). This pattern was found within each vegetation type and there were no differences in the composition of seed dispersal syndromes amongst small and large patches of serpentine in chaparral ( Figure 2D ). These results suggest that the patchiness of serpentine outcrops has not acted as a significant ecological filter on the composition of dispersal syndromes within serpentine communities. Furthermore, long-distance dispersal (wind, vertebrate and water) did not differ between serpentine and non-serpentine, as might have been expected if the ability to move between spatially discontinuous patches had been an important filter shaping the composition of seed dispersal syndromes on serpentine. Our results coincide with other studies that have found strong effects of environmental filtering (e.g., elevation, moisture and light) on seed dispersal syndrome composition (Willson et al. 1990; Ozinga et al. 2004) . Whilst the greater proportion of wind dispersal syndromes and the lower proportion of vertebrate dispersal in serpentine communities generally support the role of resource availability in determining dispersal syndrome composition, there are several important co-varying factors. First, dispersal syndromes could be part of a larger set of resource-conserving traits that allow species to survive on serpentine soils. Whilst we found no evidence of correlation between dispersal syndrome and an overall suite of resource acquisition traits (PC1), we did find a significant positive relationship of vertebrate dispersal to plant height and a significant negative relationship to SLA (though weak), and a weak positive relationship of wind dispersal to SLA. Similar patterns have been found in several other studies (Andersen 1993; Navarro et al. 2009; Meers et al. 2010) , suggesting that environmental filtering acts indirectly to constrain the availability of dispersal syndromes by selecting for a suite of correlated functional traits (Herrera 1992; Westoby et al. 1996; Navarro et al. 2009 ). Such indirect filtering on dispersal syndromes was also suggested by the results of our phylogenetic independent contrasts. We found that wind (or vertebrate) dispersal syndrome and tolerance to serpentine soils were no longer significantly correlated after phylogenetic relatedness was taken into account. This suggests that serpentine soils tend to recruit particular plant lineages that are characterised by wind (and lack of vertebrate) dispersal, which may or may not reflect any advantages of dispersal modes per se. Winddispersed lineages may tend to share other key functional traits that predispose them to living on serpentine or these lineages may be more prevalent on serpentine for historical reasons, similar to the findings of Herrera (1992) for seed size and sclerophylly in Mediterranean shrublands.
Our observed patterns of a greater proportion of lessdirected wind dispersal syndromes and a lower proportion of more-directed vertebrate dispersal on serpentine could result from wind-dispersed plants being favoured in more open vegetation structure as has been found in several studies (Howe and Smallwood 1982; Ozinga et al. 2004; Nathan et al. 2008) . Open vegetation structure is important for wind dispersal because closed vegetation structure can be a physical barrier to dispersal (Nathan and Muller-Landau 2000) . Whilst this could explain the higher frequency of wind dispersal we found in sparse serpentine communities, it did not hold up when comparing across vegetation types regardless of soil type. We found the lowest proportion of wind dispersal in chaparral and similar proportions in grassland and forest (Figure 3 ). Wind dispersal in the forest may be favoured by increased seed release height, which has been found to be important for long-distance movement of wind-dispersed species (Soons et al. 2004) .
Our observed patterns of a greater proportion of wind dispersal syndromes and a lower proportion of vertebrate dispersal on serpentine could also result from ecological filtering resulting in a lower availability of vertebrate dispersers in infertile settings. Although we have no independent evidence for this, it seems possible due to several lines of reasoning. Fewer vertebrates are supported in less productive habitats (Siemann 1998) , possibly as a result of increased chemical and physical plant defences (Strauss and Boyd 2011) . For example, Ozinga et al. (2004) found a lower proportion of mammal dispersal in low-light environments, and attributed this difference in part to higher abundance of plant species with chemical compounds that deter frugivores. Similarly, heavy metals in serpentine soils can accumulate in plant tissues and fruits resulting in toxic levels for animals grazing (Miranda et al. 2009 ) or consuming fruits (Boyd et al. 2006) , although no research has examined the impact on seed dispersers (Strauss and Boyd 2011) . Finally, lower water availability on serpentine could result in lower fruit production resulting in fewer vertebrate dispersers, as found in several other habitats (Rathcke and Lacey 1985; Tabarelli et al. 2003; Almeida-Neto et al. 2008) . Our results suggest the need for direct tests of the costs and benefits of vertebrate dispersal in environments of differing resource availability.
The observed dispersal syndrome differences among soil types were not consistent with patterns expected under habitat patchiness as an ecological filter (Levine and Murrell 2003; Vandvik and Goldberg 2006) . Overall, longdistance dispersal (wind, water and vertebrate) was neither more nor less common on serpentine. Differences were also not consistent with predictions regarding directed dispersal (Howe and Smallwood 1982; Wenny 2001; Vander Wall and Longland 2004) because less directed (wind) dispersal was higher in the patchy serpentine environment and more directed (vertebrate) dispersal was lower (Figure 2 ). Directed dispersal relies on two factors being important in determining the dispersal potential of a community: preferential survival in specific locations and non-random arrival (Howe and Smallwood 1982; Wenny 2001; Vander Wall and Longland 2004) . Our results suggest that non-random arrival i.e., filtering for species with particular dispersal syndromes able to reach distant sites, does not play a major role in the assembly of communities on serpentine soils (Howe and Smallwood 1982; Wenny 2001; Vander Wall and Longland 2004) .
In conclusion, our results suggest that the ability to move between spatially discontinuous patches has not played a strong role in determining the composition of dispersal syndromes within serpentine communities. Instead, the patterns of dispersal syndrome composition we found may be due to environmental filtering for a suite of functional traits that allow for the persistence on serpentine soils or a lower availability of vertebrate dispersers on serpentine soils. Our results, in conjunction with several other studies, (Willson et al. 1990; Ozinga et al. 2004; Tackenberg and Stocklin 2008) suggest that habitat quality may play a strong role in shaping the dispersal potential of plant communities both directly as in the above studies, or indirectly by selecting for traits that allow species to persist in lower 8 M.J. Spasojevic et al. quality habitats. Using multiple data sets gave us the ability to distinguish effects of different aspects of the environment on dispersal syndromes including habitat quality, habitat patchiness and vegetation type. Several studies of humanfragmented landscapes have shown that species with more directed (vertebrate) dispersal are less vulnerable to fragmentation (Damschen et al. 2008; Montoya et al. 2008; Alados et al. 2010) . Our results suggest that communities on discontinuous patches of low-fertility soils are not necessarily composed of good dispersers. In order to persist in the face of global change, species in these communities must be highly persistent in situ, either through seed banks (Honnay et al. 2008) , stress-tolerant functional traits (Grime et al. 2000) , plasticity (Nicotra et al. 2010) or genetic variation (Parmesan 2006 ) otherwise they may face elevated risks of extinction. Species in low-fertility communities may be high-priority candidates for managed relocation (i.e. assisted migration, assisted colonisation; Richardson et al. 2009; Vitt et al. 2010 ) because they are less likely to have directed dispersal syndromes that allow them to reach these locations unassisted.
